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1. Introduction 


The position of springtails in the foodweb of terrestrial communities makes it likely 
that predation plays an important part in the regulation of their numbers. Experiments 
carried out by Sigars (1955) and Epwarps (1969) seem to confirm this assumption. They 
treated woodland soil with insecticides which killed the mite predators to a larger extent 
than the springtails. The density of the springtails increased markedly following the suppres- 
sion of the mite predators. 

The experiments described in this paper were designed to evaluate the importance of 
predation as a mortality factor for the populations of two species of surface dwelling Collem- 
bola. This includes an examination of the stability of this mortality factor. for which it was 
necessary to know the number of predatory species and individua 

The species of springtails studied were Orchesella cincia (LixNÉ) and Tomocerus minor 
(Lespock). These species clearly differ in ecological aspects. Joosse (1970) showed that 
T. minor has to live within a narrow range of high humidities. while O. cincia tolerates a 
broader range. Related to this difference T. minor showed a higher degree of aggregation 
in humid places and a lower locomotory activity than O. cincia. This points to the probability 
that T. minor is more limited in its habitat exploitation than O. cincta. which may lead to 
a different predation chance. 

Predation on springtails occurs unseen in the litter layer. As a method adapted to this 
situation, the radioactive marking of the prey with P9 was chosen. The possible harmful 
effects of radioactive radiation on living matter make certain precautionary measures neces- 
sary. Which are difficult to realize in the field. So the experiments were carried out in the 
laboratory. using the lowest possible amount of radio activity. This lowest possible amount 
however, must be sufficiently high to enable detection of a predator even after consumption 
of only one radioactive springtail. For determining the lowest possible amount, the effective 
decay of P** in prey and predators had to be investigated. 

The number of springtails predated can be estimated by the mortality of the springtails 
in the presence of the predators compared to their mortality in absence of the predators. 
A check on this estimate is possible by determining the amount of radioactivity in the pre- 
dators, and calculating the corresponding number of springtails consumed. For this purpose 
also it is necessary to know the effective decay in prey and predators. 

For the investigation of the effective decay in the predators the carabid beetle Notiophilus 
biguttatus F. and the pseudoscorpion Neobisium muscorum (Leach) were chosen. Both 
species are known springtail predators (Smron 1964. 1966). However, they differ in the 
manner of consuming the prey. N. biguttatus swallows its prey. whereas N. muscorum con- 
sumes its prey only partly after extraintestinal digestion. Both species are numerous in the 
habitat of O. cincta. and N. biguttatus also in the wood where T. minor was collected. 
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2. Materials and methods 
2.0. General remarks 

All measurements on radioactivity are whole body counts, and were performed with the 
Nuclear-Chicago gas-flow detector, model 470, provided with a micromill-window, and 
operating as a Geiger-Müller counter at + 1200 volt. This detector uses Q-gas (98.7°, 
Helium and 1.3", Butane) at a pressure of 5 Ibs/inch? (ca. 0.287 kg/em?). In addition the 
Nuclear-Chieago sample chancer, model 1042. was used. This can contain maximally 50 
planchettes, so that automatically 50 animals could be measured suceessively. Each measure- 
ment took one minute. 

The isotope. in a watery solution of Na,H P?*O,, was mixed with the food of the spring- 
tails. This was for all experiments except one, similar to the food used by MËLLER und BIERIX- 
GER (1971): 90 parts water, of which some was replaced by the watery solution of the radio- 
active combination. 5 parts maltagar, 5 parts milk and added to this 0.4°,, Nipagine (methyl- 
4-hydroxy benzoate) as fungicide. The springtails that had to be marked were kept together 
in a glass box (diam. 15 em) with a plaster of Paris bottom (2 em). After a starvation period 
the radioactive food was offered until the animals were marked sufficiently. Starvation was 
applied to minimize the variation in radioactivity among the individuals. 

With the springtails marked in this way. the following experiments were carried out: 


2.1. Experiments concerning the effective decay of P9? 
in the springtails and the predators 
The springtails to be marked were fed for 4 days with the above mentioned food. to 
which radioactivity was added up to a concentration of 0.06 microcurie per milligram (je my). 
The predators were made radioactive by feeding them with one or two radioactive springtails. 
After this marking and during the period of measurement the individuals were kept separately 
in small glass jars (diam. 2.5 em) with a plaster of Paris bottom. The food of the springtails 
then consisted of greenalgae (Pleurocoecus spee.). The predators were fed with non-radioactive 
springtails. Measurements were done for at least 4 weeks. with intervals of maximally one 


week. 


2.2. Experiments concerning the effect 
of radioactivity upon the springtails 

In one experiment mortality of three groups of individuals was compared for 4 weeks. 
One group was fed for 6 days with maltagar without radioactivity, one group with radio- 
activity in a concentration of 0.06 uc/mg. and the third group with radioactivity in a concen- 
tration of 0.12 ue; mg. After this treatment and during the period of observation the springtails 
were fed with greenalgae. 

In a second experiment the possible difference in predation on radioactive individuals 
and non-radioactive individuals of the species O. cincta was evaluated. In this experiment 
6 jars (diam. 15 em) with a plaster of Paris bottom and covered with gauze, were supplied 
with a layer (+ 7 em) of pine needles. In each jar 20 radioactive springtails and 20 non- 
radioactive springtails were released, and also 5 individuals of the species N. biguttatus in 
each of 3 of the jars. In this ease the springtails were starved for 2 days and then fed for 
3 days with Pleurococcus spec. For the springtails to be marked. these greenalgae were 
soaked in a watery solution of the radioactive combination. This experiment lasted 8 days. 
Then the mortality of radivactive and non-radivactive springtails in each jar was determined. 


2.3. Experiments to estimate the quantitative effect 
of the mortality factor predation 
One experiment was done with O. einefa, and a second experiment with T. minor. which 
were collected in a pinewood and a birehwood respectively. In each experiment a piece 
of woodlandsoil. ot 50% 50 em, was taken from the concerned wood to the laboratory. Its 
structure and contents remained unchanged. The plot was surrounded by metal plates and 
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placed in a large tray with a plaster of Paris bottom. which could be moistened. The plot 
was covered by gauze. In the experiment on O. cincta 200 radioactively marked springtails 
previously collected in the same pinewood, were released in the plot. This experiment was 
performed in April. The population of O. cincta consists then only of adult hibernated indi- 
viduals (Joosse 1969). The experiment on T. minor was performed in August. The population 
from which they were collected consisted mainly of young animals. born in spring and 
summer. Of this species 280 marked individuals were released in the plot. For both experi- 
ments the springtails were starved for 4 days. and then fed for 4 days with maltagar with 
radioactivity in a concentration of 0.06 uc/mg. Both experiments lasted eighteen days. Then 
the plots were carefully searched. all the animals of the litter layer collected and counted 
for radioactivity. 

Mortality of the radioactive springtails in these plots was compared with mortality in 
woodlandsoil from which the predators were removed. and with their mortality living on 
Pleurococeus spec. in a glass box. 

The radioactivity of the individual predators 
from the experiments on the effective decay of P?? in prey and predators. the corresponding 
number of radioactive springtails consumed was calculated. 

All experiments described in this paper were performed at a temperature of 18—20 °C. 


added. and with the help of the data 


3. Results 


3.1. Effective decay of P®* in O. cincta, T. minor. 
N. biguttatus and N. muscorum 


It may be assumed that in the first period after labelling the animals. a rapid loss of 
radioactivity occurs. due tu the excretion of the non-assimilated part of the food. This period 
was put at one week. because it certainly holds for the springtails that emptying of the gut 
occurs within a week (pe Wiru and Joosse 1971). During this period the radioactivity 
measured on a certain day (tx) is expressed as a percentage of the radioactivity at ta (table 1). 

Radioactivity at t, for the springtails corresponds to their mean radioactivity in counts 
per minute (cpm) just after radioactive feeding. and for the predators to the mean radio- 
activity of the prey offered to them. The predators had consumed the prey animals after 
three days, so they were measured for the first time at ta. 

Loss of radivactivity after this first period is expressed by the mean effective half-life 
of P® in days calculated from the exponential curves of decay that were determined for 
each individual. 

With the twe species of springtails and two species of predators 4 food chains can be 
constructed: using the data of table 1 and given the moment of predation, the amount of 
radioactivity present in each food chain at different moments can be calculated. This is 
shown, in percentages, in fig. 1. 

Fig. 1 shows that when predation occurs the amount of radioactivity in the predator 
at tes. ranges from 2.0", tu 12.7",,. This is dependent on the food chain concerned. and on 


Table 1 Mean effective decay of P* in the springtails and the two species of predators, For the 
mean effective half-lives 9596 confidence limits are recorded 


O. cincta T. minor N. biguttatus N. muscorum 
Sample size 10 42 1 10 
to 12,840 21,259 30,819 201 
ts 5 
t; 38.0 51.2 
tho 
mean eff. half-life 10.27 10.4 
L, 9.80 10.02 
Ly 10.78 10.89 
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Fig. 1. De radioactivity in prey | ‘and in predators í ---), shown for four different 


Toodehains. Decay via the predator is shown for different moments of predation. 

the moment of predation: as effective decay is slower in the springtails than in the predators. 
it holds that the later predation takes place. the more radioactivity is left in the food chain. 
An exception to this rule oecurs when the prey is predated immediately after the marking, 
In that ease a relatively high amount of radioactivity is left in the food chain, because the 
first rapid loss of radinactivity from the springtails does not take place. 

The minimum amount of radioactivity left from one springtail at the end of an experiment 
on predation must be detectable. When an amount of 50 epm is taken as detectable (mean 
background 10 epm) and the experiment will last + weeks, a prey animal must give at least 
2500 epm at the start of that experiment. 

From different groups of springtails. each consisting of 20 individuals. fed with different 
concentrations of radioactivity and for a variable time, the radioactivity was measured. 
The results are presented in table 2. 

Due to a high variation among individuals within each group the mean radioactivity has 
to be about 10,000 cpm, to ascertain that all individuals give more than 2.500 cpm. So it 
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Table 2 Radioactivity of the springtails (in counts/min.) fed with different 
concentrations of radioactivity and for a variable time 


Concentration Species Duration 
2 days 5 days 6 days 
0.24 ucimg O. cincta 32,114 26,954 
T. minor 38.953 41,248 
0.12 we/mg O. cincta 25,086 21,511 
T. minor 14,002 15,847 
0.06 uc/mg O. cincta 9.864 10,830 
T. minor 10.398 14,951 


was decided to mark the springtails for the experiments on predation with radioactivity in 
a concentration of 0.06 uc/meg, and to stop the feeding when the springtails were sufficiently 
radioactive. This was established by a sample. 


3.2. The effects of radioactivity upon the springtails 
3.2.1. Mortality 


Compared with man. many insects tolerate high doses of radioactive radiation (Baco 
and ALEXANDER 1961). This could hold also for springtails. Cavattoro and Dexrio (1970) 
deseribed the mortality of Hypogastrura meridionalis. which received doses of 10 krad and 
20 krad. as being similar to the mortality of untreated animals. But Sryrox (1971) states 
that doses of beta radiation of 1885 rad upwérds reduced survival of Sinello curriseta. 

In the present study the mortality of non-radioactive individuals was compared with 
that of radioactive individuals (2 groups). with an average radioactivity as recorded in 
table 3. The total observation period was four weeks. being longer than the duration of the 
predation experiments. 

Tt holds for both species that the differences in mortality of the three groups are not 
significant. Concerning T. minor it must he noted however. that all groups showed a high 
mortality. 


Table 3 Mortality of radioactive and non-radioactive springtails after 4 weeks 


Cone. of radioact, in the food O. cincli T. minor 
nr. Radioact. Morta- — nr. Radioact. Morta- 
lity lity 
(%) (70) 
nil n — 28 65 — 46 
0.06 je mg 18 10,830 cpm 2 tig 14,951 cpm 34 
0.12 uejmg 79 21,511 cpm 18 59 15.847 epm 32 


Table 4 Mortality after 8 days of radioactive and non-radioactive individuals of the species O. cincla 
in jars with and without predators 


Jars without predators Jars with predators 
Total number radioactive non-radioactive radioactive non-radioactive 
of springtails 
initial 60 60 60 uu 
final 58 58 42 40 
died 2 2 18 20 


Mean radioactivity of the marked springtails: 7480 cpm. 
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3. Predation chance 
The results of the experiment carried out for comparing the predation chance of radio- 
active and non-radioactive springtails are shown in table 4. 
From the data of table + a difference in predation chance between radivactive and non- 
radioactive springtails does not appear. 


3.3. The effect of predation as a mortality factor 
The litter strueture and the relatively small size of the available individuals of T. minor 
made it much more difficult to recover T. minor in the woodland soil than O. cincta at the 
end of the experiments. So the percentages recorded in table 5 concerning O. cincta and the 
first group of T. minor may be read as survival percentages. The percentages on the woodland 
soil groups of. T. minor however, ought to be read as percentages of recovery. 


Table 5 Survival recovery of different groups of radioactive springtails 


Species average initial radioactivity in cpm. 


O. einetaj S48 T. minor;9824 
initial final 96 initial final ai 
number number number number 

Glass box — control 100 86 56.0 100 88 

Woodland soil — vontrol 100 89 89.0 LOU 70 

Woodland soil — predation 200 118 39.0 280 119 


The percentages recorded in table 5 are subject to chance fluctuations. With this in mind 
it can be concluded that of the experimental population of O. cincta 27—30", was killed 
by predation. being the difference in survival between control groups and the experimental 
group. This is 566—732", of the total mortality (41). 

With respect to the experimental group of T. minor it was assumed that 18",, which 
is the difference between the first and the second group. could not be recovered. Then the 
estimation of mortality due to predation i o. Which is 71", of the total estimated 
mortality (31.5 ",,) 

During the experiment on 7. minor survival of 100 unmarked individuals of this species, 
living in a glass box on Pleurococeus spee., was also determined. The survival percentage of 
this group was 81”,,, which is not significantly different from the 88", survival of the first 
group of T. minor in table 5. This comparison was made because of the very high mortality 
of T. minor in the experiment described in section 3. 

The quantitative effect of predation ean also be calculated from the amount of radio- 
activity in the predators. Table 6 shows for both experiments the species, numbers and radio- 
activity of the predators. 

In the experiment on T. minor some radioactive animals occurred (up to a total of 2500 
epm) with an unknown feeding habit. 

As shown in fig. 1. the amount of radioactivity in the predators at the end of the experi- 
ment is a percentage of the initial radioactivity in the springtails predated, that can be 
ealeulated with the data of table 1. For that purpose it was assumed that each day an equal 
number of springtails was eaten, half by predators of the N. biguttatus-type and half by preda- 
tors of the N. muscorum-type. Furthermore it had to be assumed that no secondary predation 
had occurred, With these percentages the number of springtails consumed can be caleulated. 
The data are shown in table 7. 

The predation on O. eincla calculated in this way shows a difference of 2 
the percentage estimated from the survival values: 
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Table 6 


Ordo 


Coleoptera 


Coleoplera. 


Opilionida 


Arancida 


Mesostigmata 
Chelonethi 


Total radios 


tivity 


Carabidae 


Staphylinidae 


Phalangiidae 
Theridiidae 
Sallieidae 


Neobisiidae 


ies, numbers and amount of radioactivity of radioactive predators in the experimental plots 
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t Notiophilus higullatus V. 
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Vixperiment on Tomocerus minor 


epi. No Species 


epm. 


Notiophilus bigullalus V. 
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Table 7 Predation of springtails calculated from the radioactivity in the predators 


Experiment 
D. cincta T. minor 


Radioactivity in the predators 53.880 epm 
% of the initial prey-radioaet. 

Number of prey eaten 

Predation as a percentage of the animals released 


Table 8 Non-radioaetive animals found in the plots at the 


Experiment = $ 
O. vincta ne LOGY “en” ee 13309 — 
T. minor >10 10 2 44 — 566 


3.0%). Caleulation of predation in this way with the underlying assumptions will be discussed 
in section 4. 

In view of an evaluation of the stability of predation as a mortality factor. the numbers 
of non-radioactive animals that were found in the litter laver of the plots at the end of the 
experiments, classified in main groups. are shown in table 8. 

Most of the Carabid and Staphylinid beetles recorded in table 8 belonged to species. 
which also occurred as radioactive. The numbers of springtails recorded in table 8 are part 
of the springtails originally present in the plots: these numbers indicate that the density 
of the springtails was experimentally raised with about 94°, and 21", in the experiments 
on O. cincta and T. minar respectively. 

X comparison of table 6 and table S reveals for both experiments. especially for the 
O. cineta-experiment. that a large part of the animals of the litter layer feeds on the spring- 
tails. This will be discussed in section 4. 


4. Discussion 

It appeared from the present study that mortality of the two species of springtails Orche- 
sella cincta and Tomocerus minor was very high in undisturbed woodland soil. compared with 
mortality in glass boxes and in woodland soil from which the predators had been removed. 

To get the evidence that predation caused this raised mortality, all animals of the litter 
layer of the experimental plots were counted for radioactivity. The number of springtails 
that had to be consumed, to cause the amount of radioactivity in those animals with a 
predatory feeding habit was calculated. 

Therefore it was assumed that each day the same number of springtails was predated. 
This assumption might be wrong: predation of the springtails possibly is a density dependant 
process. In that case more springtails would have been predated in the first half of the 
experiment compared to the second half. We should have caleulated then with lower percent- 
ages as recorded in table 7. and the numbers of springtails predated should be greater than 
the numbers mentioned in table 7. 

This applies also to the assumption about secondary predation: if this occurred, we had 
to ealeulate also with lower percentages. 

The validity of the assumption that the data about effective decay given in table 1 are 
applicable to the animals in the woodland soil is doubtful. Opus and GorLey (1961) deseribed 
experiments which show that biological decay of zine-55 is greater in the field than in the 
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laboratory. They stated that biological half-life is variable, especially for leterotherms, 
dependent on all kinds of ecological factors that influence the rate of metabolism. 

In our experiments on predation (3.3.) the radioactivity of the remaining springtails 
indicates that effective decay in the woodland soil was probably greater than established 
in the experiments on effective decay (3.1.). In that case also, as with invalidity of the former 
assumptions, the numbers of springtails predated must have been greater than the numbers 
given in table 7. because we had to calculate with lower percentages. 

From both experiments. percentages of mortality were obtained. that show the magnitude 
of the effect of predation on the numbers of the springtails. It must be noted however, that 
this effect is subject to variations in space and time, One of the major factors that determines 
the number of predated springtails is the density of the springtails. This factor changes 
considerably in space and time (Joosse 1969. 1970). Therefore experiments have been started 
to investigate the relation between predation and density of the prey. to enlarge our know- 
ledge. obtained so far. about the effect of predation. 

Another important and variable factor that causes fluctuations in the predation of the 
springtails is the density and feeding activity of the predators. Undoubtedly the variability 
of the effect of this factor on predation becomes less when predation is performed by more 
individuals and species. In fact. it was established in both experiments on predation that 
a great number of species and individuals prey on the springtails (table 6). 
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6. Summary 


Experiments were curried out in the laboratory to evaluate the importance of predation as a 
mortality factor for the two species of surface dwelling Collembola Orchesella cincta and Tomocerus 
minor. In each of these experiments a piece of woodland soil was brought into the laboratory, its 
structure and contents unchanged. A few hundred radioactively marked springtails of one species 
were released into this plot. The marked springtails and the plot originated from the same wood. 

After 18 days the plots were searched. all animals of the litter laver collected and counted for 
radioactivity. From the survival of the marked springtails in the experimental plots. compared with 
survival in control plots, it appeared that with regard to both species considerable mortality by 
predation had occurred. This was estimated for both species on about 27°,. which was about 70% 
of the total mortality. 

A check on these percentages was obtained by calculating the springtails consumed from the 
amount of radioactivity in the predators. For this purpose experiments were carried out to investigate 
the effective decay of the used isotope (P*) in the springtails and the predators. Using the data of 
these experiments. the calculations resulted in a mortality by predation of abont 24°, for both 
species. 

The number of species and individuals of predators that were radioactive at the end of the experi- 
ments. compared with the number of non-radioactive animals revealed that a large part of the soil 
animals feed on the springtails. 
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